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__ o^Lall Jliilj UjAl ^jJaj Aj_jjuj AauuI _jy* j 




1. State of matter 

2. Surface tension 

3. Rheology 

4. Isotonic solution 

5. Buffer and buffering system 

6. Complexation 

7. Protein binding 

8. Solution and solubility 

tflaSjJ A j jVI (jc. o^IjC. ^AjoA ^aUaj l jj^xa 

State of matter 41 y>j JjVI g- ijJL ^ taj SLa 


STATE OF MATTER 


! matter c?' JjVI state of matter l$' ^d* 

<^A L-lla ? jill d*-^J aJj£j (JJJ tg-J <^A (j! I^ <J ^9 lll^l lil^La S^Lall 

Aj jUJIj aLLJIj AjL^all La ^^All Ul£ JI£jujI V lg-L& Ajs tSlllS ? 

l—oI'n.MI ^jjjLujI ^Ac- ? j\ JjLudll j\ L—iL^all J£judl! SjLaII ^jjjLujI ^ic- c t iL> 

(JSI ciul£ jlj L_iL^all (JSjuill SjLAI l^lc^Luo jSII c 1 ajI£ j] 4 cIjLj^JI 

jLiJl Jlu, .A^,ljA C * \\°i (JjLudll L. A 

?? ^A iJa 

jjc. d)Lj^> l_oL^j ^j 5 jl A^LulLo CIjLj^^ L-jiLaJ (J j 5 ^jj£j (j£^a L j 5 tillli 

?? ^All oj^j^allc. ?? ^ lx j aJjLlLo ^)JC. jl A^jLilLa 
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6 ^ Cohesive force ^ s j^I u^kda Jja aLIaS ^1 H20 kl 

ls^j Adhesive force c$a SjSlI Jjk 4 4 dk saU jl -k^j ^ lK ji 

L qVi's^a ^^a Ia ^jio*ii 4,k u^a ^111 dlii^^Jl ^jjfk kil kfo &A^ qjm 
4ua ^akLa trills ^jjdJ ktlk a! ? ^akl UJ^ 3 J CIAIaj L ?jfi UJ^ 3 ^jAa k L $jail l—ilk 

L-Jjl^lll (_£j5 4 ^alilll L-JAI^i!! LaA ^^111 4 ^jlAja.j>a jlljail ^a^ll ^^AJl (jAaal Ijlc^lijl 

4^.ja 1 ^jl£juoLalLa 4,j\Vl tgJl <L^.ja1 (j £j\ ^jAAj^lLa SjaII ^jlkc- j 4 ^j>ax n dlll^^Jl -kj|^)J AlLaC- (J^-dlA 

uj'i 3 Jj^a^l ^llilkj SAiAjuj ^jAJ JaJJjJ dliajaJl ^g-kl ^jlCa L^il dnnJ ^akill ^j3 I^JaIxij 4 AIaII A x^a 

4 dlljAll ^jij ciALai ^j5 4iAj 4 dlii^Jl ^jij L-jaL^A ^j3 4iA 4 ^jic. jj Lg-La 4ia IgjuiAJ ciALaAll ^j5 L_ik 

.. cij^ 3 *' !! (ij^ 3 

^i^Jl ^jj£j (jLuiC. <jAaxiJ dljill -kjjiA ^1 jaII ^lillij 4 dlii^Al Aijkill aA^. j\\ ^jc. ajkc. dl jaII 
l^ajuol ^A SjaII ? Adlill dlii^^Jk AA^ic- l^il ^jlCa ^lx j AjuiAj £_£^^JI ^jk^ 

0 ^ -W 3 j^ 3 V^ 3 ^kijaJI c^' Jyk. intra Intramolecular force 

llA ^Jllllljj 4 CllllJ^^Jl j^a^k^a SaLojI (jl \.g.xjaQ*l SALall ^jkjaC- 

l?a sjJI tJlL ^ intermolecular force ^klkj c 5 A s jA\ caUjJ^JI ^ kkijl C5 ai1a 

.. s ^ Jlia j „ Ia (jjill U^a jj jij£ Jjs 4ja intra u^inter 

s+ s ' . *- 

H-C/-.. * A . 

r h— c\ 

Inframolecular 
Infermolecular at+rac+ion 

aHrac+ion 

1 Jjj ^jjjjili (iilli t Aj^UI <j]Lui i_iA .ja Sjj ^jjxj Anion j C3tion c^- 1 ^ ^-A 3 


S* 5' 

H—Cl 

1 i 


V !! ^jJa*J (_j-o IC^-o ^oHujjA i-vMaJill (_Ja L-lla c jdJ <—-Ol^ll]l C-iluU (_pa*J ^j-a I 

U^lj ^jAaxj ^a ^jjjjaII ^Iij A.1Jjji£JVI <jLauuJl L-jIjj^I c.^ iujjj ^g.nj ^ki ^vWj Iaiij <kkj Aic» tSlllS 

IAjjA jl ^jAaau ^a jl 4 Ig.x^ixj ^a ^kii IAii^A 4,Wxai\I AuILuo (AjU( j! 

3 — 4 UJ^y ^klll jil ^jklA ^Sjj L-jALaA]| ^j5 ^jkjoc. <Jjuj11a]| AiLu^a]! Alllia 4 IJ^skjj 

| jljJaiiA yjj jill 4 Ajkj^aJ! ^jlJ ^A AiLoLAll jl Allli 4 (J jk oAlk j IA ^ jjIuoAjVI J jjlmaJl 

JjA^ a IjJj^J jjjjaII j| ^-lla^a Ia£ Cilia k( 4 L-JALali Vj j $kj V ci^a^iA ^jkaj ^jJJjkCLa 

ciuli Akkj ^i^aJI jl system kt ^a aJL^JI ^klkj ,, Adkll L_ilc.l ^ia da^.1 j (jki*j 

Adk^all ^ajk^adll -kaL^i ^jLaiC. Crystals C5^ kail A nj ^Lall ^jl ^a^AiA Ia£ ^jLoiC. lAa. 

Cil jaII ^jij dlaLuo^ll j Aic.Id 
Ia &kia ^All ^!^l£JI ^jikcVI c_hjdj ^ILd 
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© Matter: 
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It is any substance which has a mass and occupies space. 


© Binding forces between molecules :| 


In order to molecules to exist in aggregates in gases, liquids and solids 
3 intermolecular forces must exist. 


|© Cohesion and adhesion forces: 


Cohesion 3 the attraction forces between molecules of the same type (like 
molecules). 

Adhesion 3 the attraction forces between molecules of different type (unlike 
molecules). 


© Repulsive and attractive forces: 


When molecules interact , both repulsive and attractive forces operate . 

When two molecules are brought close together , opposite charges in the two 
molecules are closer together than like charges and cause the molecules to 
attract one another. 

When molecules are brought too close that the outer charge clouds touch, the 
molecules repel ^jeach other like rigid bodies. 

This attractive force is necessary in order that molecules cohere while 
repulsive force is necessary in order that molecules do notinterpenetrate one 
another cjUj jaJI 

At certain distance (3-4 angstroms) the repulsion force = attraction force. 

At this point, the potential energy of the molecules is minimum and the 
system is more stable. 


© Intermolecular and intramolecular forces: 


Intermolecular forces 3the attractive forces between molecules. 
Intramolecular forces 3 holds atoms together in a molecule. 

Generally, intermolecular forces are much stronger than intramolecular 
forces (intra > inter) 


l tj± intermolecular forces ji ^ 4 -iaaI j} 

AjjLc. j! AAjLuj jl 

l^uuol ^jjdJ ## jSjLui Ia^^IjA j jjl jllll SjAUa jxxiVn LjjV . ^ 
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j 4 <3kAl! ja b suspension -S' ‘ flocculation of suspension T 

Aj3 ^^A Jajui jll ^ Ajjb ^jjIa SaIa ^jC* ajbc. b J^IaaII ^j! blLa> a\I 6 AjjIj <iua3 

JabjjV' (jj^b (JgWn jAaj ^jLuac. ^Jblbj Jajuo^ll ^9 AajIc- j! 4q\xA Cjj ^ijj 

^Jc- l_luj^)jj ^jAaj j <*—s ^jLaic. ^jIaaII sjIaII j l_jjaa]| jl Solvent -S' 

CllJ j£j A-UjuojjI j (jAaxJ CA^xjja ClAjJ^aJl ^£^A 4 ^)j£! l^jJaxJj l_jIAaJI AjUj^^. L-bLaall jlS 

.. Flocculation of suspension <***\ c^' ' j j ‘ uW^' ^ c^' *c£j ^ 

. J^intra -S' c> j4' uj ^ 5 ^ inter -S' u' 

L-J^I^JjujI (JaIc. Ifr-lAJoUJ + AjIa + AjJj ^jC- $jbc* b L_J^Jju 1 a]|J 4 L-iI^ILoLa]! <jjbj (jIa£ a£A # £ 

lsjj>^ 6 o^? '' j}j*i sM 'j J if*w j Emulsifying agent j' 

AjJ^ll A \\*i (^£<1 S j£\\ j\ 4 ^)JaxJ £A ^jA^^Haa I^LjaSJ (jibe- 4jj9 ^ilJ Jabj^V' Sj9 

AjUJI A-Ludll j ^l£JI Akb& ## Jib ^C-llL L. ll^JjaiAll j! ^jjaIajV'j <jAa*J (JC* 'jb^aB AjIaII j 

dlV jjoij£JI 4 AAlxjJa Atlc-bj Jaj|^)Illl ^jV 4 dlV j ^al^V' <jIa£ . ^ 

B . Jaj±A J ^bjb ^,qvA ^jjIaj jxjj^Ta 


Q Importance of intermolecular forces: 


HI Knowledge of these forces is important for an understanding of: 

1- Properties of gases, liquids and solids 

2- Interfacial phenomena, 

3- Flocculation of suspension, 

4- Stabilization of emulsion, 

5- Compaction of powder in capsules, 

6- The compression of granules to form tablets 


* ^4_jjl V 4 j 3 ? £_£ jaJl ^ eJjx ii (j^-a-a CjjLiJiH <_$j3 ^4(_^l ^Aa 


Vander Waals Forces . ^ 
Ion dipole and ion-induced dipole forces 

Hydrogen bonds T 

JaaII ^aAill j SAa.1 j Ai.b ^JIjlj 

: Van Per Waals JtijAli ^jaQ 


5" 8‘ 


h-q... S" 

1 . LI — 




H-a 


8* 8" 

H—Cl 


dipole-dipole 

a+fraclion 


y ifria <ba 

6jLil \ a» , w l jJJflaa jJJJ ja. jjj jl Lai • 

(J‘ t SjLjI (J-aaj ^)i.yij LJLui 

^ A ~'-l . ; ''ll 4 a Vi A. ^11 L-lUaSyi jjj L_llAijyi 

i Dipole “Cajuil ‘ _ 'Loll j| l^Sjau ^ajy La_4*-a_$ 

A-ajail (JjVI p _j2l i jjAaS jJJ Sjillj 


Keesom forces ALLi£l <^111 ^Jldl (_±u^ Jt. ^1 aJ ^Ij dipole- dipole 


t 
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Spherical atom with no dipole. 
The dot indicates the location 
of the nucleus. 



Upon approach of a molecule with a 
dipole, electrons in the atom respond 
and the atom develops a dipole. 


c> (jrlj* u' CP 6 J-F ujfei lJv • 

b u-J ‘ JjSjj 

AjI Jjj Ja (jc. jA 4jl ^^Ic. j; 

b 4_ii2aa]| i A j 'Wall A lailJ 

Dipole- l gjAxa lA *j*ll Jblbj Ls ^ induced 

Permanent jl ^db sjS j induced dipole 

partial polarization 

Deybe 4 -^^! aAjul^I jjc- ^ i3Vq\\ 

A-AJUj| ^Ac- Sjiill Ijajujj 

jl CJ^ (J^ A*AO^' ^ UJ^ • 

In4s Ajj^AllAbj 4 l_AJ aVu J ^Ax^a^J A Clia> aIaxjA ^Ajj9 

London Forces j'induced dipole - induced dipole U& sjSll ^1 ^LAbj j jWu ^a 
( jilaJVI ^b ajIj c-ijdj ^JUAVan Der Waals forces j&j JjVI ^>A1 lu^U 

A Jax j ^Ac- A»l^ 

:lon dipole and Ion induced dipole O 

Ion Induced dipole cP^'j Dipole ^ Ion JjVl 4 ^1 j ^ Jj^ 

A£ J^Al (JjLa j& l_i£ja]| £a ^Aailjll (Jaxjj ^All U& ? ^All A)^ ^9^1ii.l (JjJ J^H 

^Ijl djxiA j 

Ion- dipole j| j& ^ JjVl f jiti 

a^Ljj ^Iuujj (jjdj Polar -Al c 1 jIj£ja]| (jj 

^Aa j& ^Alt |\|aCL-ll jl JllAI ^^Ac- ^.bAI ^9 ciAj^jaII 

A)l ^^92/IA ^AaII I^juja jl 4 H 2 O ^All S-LaAI ^9 alijjJj ^t*Aall 

Na-l' ^^Al! 4 -^^plAllJ CL -1! <^111 4 -ALuj j 4 (j±i jj! aj 9 

Ion — ^ j-^ cj^ ^^ l_ALuAI CL tSlilA ^ 

H-O-H ^LaII ^ jj^ja jaII ja^AI ^ Dipole 

L_L^3-<A! (J;1J AJajlj c^ 11 A£j L_j£^)a IxdJa ^IaII 

QA^uS^\ C)l ^A ^All 

Ion-Dipole L^IIiajuo ^LAUj j ciu^^All aAojI^II ajj j 4 akAII l_ALuo 

ion - induced dipole ^ c ^21\ pjStt 

t^lll9 __ AaiJallj ? laJLudA A&lj ^ ±Sa9 J-iC- J Aj^ AajujI A>^ 

JIAj ^g-ilai l_i^^>a Ijj Kl -II ^ ^ ^LaII l-j^ g-iAai jjc. bj jjJI (Jc. 1 Aj Ij (Jc-liAll 

KI 3 Ajj^ Aj ^ 10 Kl -Jl c> c . u ^jj ^Kl -11 j Iodine -11 om AJaj|^)]| Ua 4 dU jjI 

^LAI l_j j^aa bj 

_ .4jnx jj^li^Al AAaj|^)ll jA j 1 ^Jill (JAi LAj9\j ^jJ 1 jj^alk 
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^laj'jl'Hvdrogen Bond : 

Q^ LW ^ lun4_]=Jjl' 

Jl yi* (j j t AaJLuII ^ lia. (jjJlft jJJji 

IgJaj^ <> ( Oxygen - Nitrogen - Fluorine ) 

CCL4-" l$ j 4 cr**^ Hydrogen ^ jjli ^jV o' 

4 jjAiA Aj 3 (jjjjLa ^jLudC- A-iii^jjAiA aJ^jIj A-i3 

Jaij AJaji^>]i 

chilli ? ^ic- LS^ ^ j\«> J^) It -lajl L 7 lla 

SjL<J! Ax-li Adlj^ilt ^lc- ^)jtij lg-}l ^jC- 

Jajlj^)ll JJ ^jjlllllj JaxjJallj ^jljU.ll A^.jJ 

^ ^jj£aj c-Loll ^jLilc- Sjl A-^p ^>jui 3 ^All ^ s-Lall ^9 A,j 

? LojIj ^juo£A1 aJjI£ Ajj-i^Jajlj^)ll c> L -ila 

s-Loll <JjVuj ^)judjJ A, nj'N-Lajlj^)lI IaiL AjLaII A^.L^ £9^)j S^lc- 

l. \9, ^1 Sj-U^ t^iS A-ili^Jajlj^)ll ^a±L C1 jIj£^a 1I ^jiaxj A-i9 ^jtdo3 

Lo IjjUj ^ jl jj Dimer ^jj ^ 3 Lajta ^ j* Ail i u*n Sjl^pJlj 

^jj£juoLo 1 ^' y du ^juj 1^ AjI\j JajjaiA 

c> j 1 ^' C 5 ^ Polymer ^ Formic acid -^' J^' ^ u^a 

Jajl jj Aj 3 ^jjdJ Jajl jj^\ J ^juo^IuA j Aj^UlII aJL^II (J^aJuA Alliiuuj j\$ ^J^ 9 J x jjI ^ 

Dimer cJ ^ 3 (j^A cJ^ c 5 ^j 

c-i^JUJ 4 Jajl jj \I ^1 Jj| <J£ l u^k Iji£ 


TYPES OF ATTRACTIVE INTERMOLECULAR FORCES 


OJ 

0 

u 

0 

fa 

5/2 

IS 

£ 

u 

Dipole - Dipole 

forces 

Dipolar molecules tend to align themselves with their 

neighbors, so that the negative dipole of one molecule points 
toward the positive pole of the next. 

S Large groups of the molecules may be associated through 
weak attractions. 

S Known as Keesom Forces 

S It is attractive forces between polar molecules. 

QJ 

O 

Dipole 

S Permanent dipoles are capable of inducing an electric dipole in 

c 

— 

non-polar molecules in order to produce dipole-induced dipole 

cd 

> 

induced 

forces. 


dipole 

S Also called Debye interaction 





































Induced 

S Non-polar molecules can induce polarity in one another. 


dipole - 

S Also called London interaction. 


induced 

S As attraction between nonpolar molecules as hydrogen gas, 


dipole 

carbon tetrachloride and benzene. 

'O 

QJ 

0 \ 


S Occur between polar molecule and ion. 

w 

vu 

o 

o 

S These type of interaction accounts in part for the solubility of 

© 

• mmm 

~o 

ionic crystalline substance in water. 

© 

© 0> 

1 

c 

o 

S The cation is attracted to negative oxygen and anion is 

"2 a 


attracted to hydrogen ion in dipolar water molecules. 

c « 

S *PN 

CC Fg 


S Involved in the formation of the iodide complex by the 

JU 

'o 

Ion- 

following equation: 


induced 

h + K + I -> k + i 3 

© 

dipole 

S This reaction accounts for the solubility of iodine in a solution 

o 

HH 


of potassium iodide 


S Result from the interaction between a molecule containing a hydrogen 


atom and strongly electronegative atom as fluorine, oxygen and nitrogen. 


S Because of the small size of hydrogen atom and its large electrostatic 


field, it can move in close to electronegative atom and form electrostatic 


type known as hydrogen bond or hydrogen bridge. 

© 

S The hydrogen bond is a special dipole-dipole interaction between 

o 

PQ 

hydrogen atom in a polar N-H, O-H, F-H bond and an electronegative O, 

© 

a> 

N, or F atom. 

ox 

© 
t . 

S Hydrogen bond exist in ice and in liquid water is accounting Cf- for 

M 

'd 

its high boiling point, high dielectric constant and low vapor pressure. 

ffi 

S Hydrogen bond also exists between some alcohol molecules, carboxylic 


acids, aldehydes and polypeptides. 


S Hydrogen bonds of Formic acid and acetic acid are sufficients strong to 


vield dimers (two molecules attached together) which can exist even in 


vapor state 


S Hvdrogen fluoride in the vapor state exist as polvmer. 4-*$* 


(J& 4 Jajl jj \I ^1 jl\ 1 L^alk 

A-i3j AjjIc*j aJjLjujj A-iL^ 3 4 CllVl^ i Ajt-ulall ^ ja cSlllfl ? AiS^Loll dlVt^ ^1 L_lla 

^jl-judC- ^jjj Ig. ic> rk\^ iA ^jjLq^ l^cjuoi AjljI^ aJI^. 


V 
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jUJI tgUlS i Aic-ld (jAAakJI j jlill jA ^1 Gaseous state -Jl J jVI ^JSdA 

j^a ^A ^Jl pic- jll dAdJa> jbaS j lg,daxj £a ^iikll l^ajAaJ ^ Jd 1^ Adijdc- a£^>^ <J^)dd 

<L^Lula Sjl^.j <Jkl (Dyne lg ^ Igjuudj^ sjdb Ajudd ^illj ^IjJb ^aLk b*da Jjii ^Jl A* a^s 

^ la.S^a jda ^Injudll jl jlilll Ac-Ilk ^aSI ^jjjlSdj AjI cJ] jdj <jAS 4 ( £Jj jda ^Indlj t^judd^ 

^-iklLudj baJd 4 Abb^a ^1 ^9 A^jj ^jc- ^JSM ba (j! ^jAS <d^)d 4 dJdb (JjI^xJI 

(jJda ^lc- ^)AAI ^jl ^9^b ^jjjjJ^AJb t^JjlSI Alj L$-1J (JAjmV <^JI j\\ ^-A ^jjjld jS 

.. c>^' <jJ^A A^j^ X V V iJkZi} ij^jjjLJI 

^j! <A.jJ 1^ 1^ (j-^axj ^jC- SdxJ dllb^Al tg_i9 SdJl dl^A aJA ^)liSI AjI dlljUJl (jdlb^ak 

A_ii ^jl JjSI ^du Cdlj Vj (Jduo (ji^A jbJI (jl^^j A^)d AjAx^a UJ^ 3 ^Aj ^g\}J L—JAMl j9 

^jdaj Aj 9 ^<a £J^)9 is^ jdVnj AjV 4 Aj 9 ja ^-A ^Jl ^Adl (J^J ^j (JSjujj ^Jajuo 

States -Jl AjA ^jjjSc ^Ic- JSjuj Vj ^JAbj ^jSLciVI cj^ ^jdVnjj Aiix-c A^Ijolaj .^ijqjj 

aa jUll of matter 

^1 ^du ^JllxJI ^)lkll jl Ideal gas I^jujI a^L^ a^s ^uj ^ ^lc ^JSdj djl^lkll ^ajL^ak I^S 1 

j^ 5I Ljlx^ ^All jlkll (jl uJ 1 I^S diV^l*-^ J (jdljS A-ilc- ^iLalnj ^lll jlkSI |j c^UU ? |j ^ jj\\ 

j Boyle's I^a <jd jjIS tSlllS ? ^jdl jSII ^^a ^1 l_lL ## ^lla jlc aJc- Jj£a lil 6 b ^^£11 aA^ ( 3f^l 

! ? c5> JCharles's laws 
Jl w .j;U .iilli ? (^1 jl A^^.^kj jlill ^Hi jjj aS^Ic. J-ac. b Boyel's law ji ^1 •^■tj Jjt 

^S^lllA lg.j\c- Jax,x>a1 IA A ^Likudll A*Ja3 C-fe^ W^l^ ^ lg.j\c- dlJaxda ^1 S^La ^1 jl jlkll 

jA b P Jl Ali 4 P oc l/v Jl (jl Ali ? b L-LujUJI ^^^diba L_Ja A-Luakc- -kg.nj Ai^bJl ‘ J 
Jj^l jl IA JJ Adaljll Udkl ?. ^Uj ^aJI jl Volume jA v -Jlj * Akdall jl Pressure -Jl 
^Id duUl jA K Jlj P=K/V Jl (jl (J J^A IA JaJallj ? ^j^a dJj L-J^)jJaJ ^ jAy AAbJ L_LujIjJI 

? IA ^aLd K=PV Jl C5A J iS <J J^A duUl A^cad L_li^l durs. j] j 

a^U ^1 jl jA UJa 4 sjljaJl a^ jjj ^Jl a£> 1^ b Charles's law jA ^1 ±^Ij ^SLS 

AS^UI ^JLj ?^j^a d^iA I g l^jlda j A§Ua L-Udkjj JdaJJ IdliA A^jJ JjjA 

PoC T Jl (jl A-IaJjaiJ ?? dlV^bAb b ^^Ikll ^-adlba ?? ^ajg,q^a 4 Jakdallj Sjl^)Al AjJ^)Ja LlA 

Jjjli (JUb P = KT (j^jjA jjjUII ^gJUbj 4 L-ijjjJ L_LujbJI Jj^.1 jbc. K dijUl -baA ^Ubj 

bj b\ l j ,jj 

^jlaua tJjlLuua (J^ 3 ^ IU^J^I AIS ?? ^.1 j (J^ 3 ^ C5^ C5^ l) bhH^^l l \)*^ j\ ^Ij L$\ 

.. JtfflS Allijj^a j ^jUl (J-<a 

P1V1A1 = P 2 V 2 /t 2 

Sjl^)Al A^.jJ Jd J ^a^Al JiiA Jakdall jlj j\ Adb A>aj3 bajb ^jjSd PV/T Jl A^adS ^jl cJl 
b jlAJl A><ad dibj AjS ^JUbj ^jjljj cJaxj ^jldc- <Jdj ^jUI djjj ^.1 j 4 Adb JdaViA AjjJI ^Ubj 


A 
















(^jsl iA K or R duUll JjSSj caJIS jaIIa a^jIj l_u£ ajs j pv/T=R -3' (j' l) j§' jcali 

PV—RT (j^jLfill AAjj^a lg,*lC>ljuj J (J jLoiJ JaC-I IaI ^JLiltjj >b <j-*a^Lij CAjIj AjI ^a\I 

4 jUjc-VI ^ tgJAkl VJ CAUjj^JI Sj-Ijuj (jx\\yA Ul j]j AaJ L_lJa 4 CAljlill AajuoI bj 

I^jI ^JjjLujI C* f| L-J^)jjal 4 A.JajxjJj 4 ^JJdJ A^.1 j L)^ ^1 jUcb b djli ^ 1 ]! £)61\j 

4 ,JaqVi b PV=nRT ^)LiJI cliV^ aII c^c. <J : Wn 

^jLudC- ^jl tillli ? AaaSj AaJ<^ JajJallj ^jLuUJ b CAljLiJl CAjIj AajS ^A^l jAil L—lJa 

ajbc- ^A j j JaijAall ^ja AlAtj j AjjuoIjS L_flj^)la (^Aic* A-i3 ^JLaj 6 b jlil] Jj^ajl 

c^uj 670 mmHg <Jb k» jJaj 4 u«K 273 ^jLuUJ ^lllj A^.J^ ^jjjjJ^iluj ^)L^a (JC- 
R Jl AajS ^-UaJ lAa. cJ^juoS P&n&V&T-i' AajS cJIxa CAljlill ^tlA JjiUl! ^ ^lijVb (jAa j£*l 

^jLudC- (MkS* Jaq^\ b ^3^}]|j R = 0.082-5' AajS cJIjla ( *Ja-A j __ C* iVl ^jjdi^AVI (_gljl C fljjuAA^j 

LgJaSl^. cJj! ^jia j^aHs CAiJl Aaj3 lAv\>& ^jAa j £jjjalJI A- 1 a>laj A^L^. L_Lai^l tSU jSj j aJLuia cJli^.j 

^u^Vi sjju AJ!>Lk ^ ? Ic ideal gas law -5' uj^ j Aijx^ ^ ,\jVuxa U! l-lL 

Jkiij ?? cjl JicL n -5'j PV=nRT -5' u' u^5i U^t JLa ? l?'j' molecular weight -5' 

jl ^ ^juokxa ^al^)^Jlj AJj£JI (_£ jjjqUJ diV C^C- ^jt lll£ j CllV C^C- 

ci^ jl j PV=(g/M)RT AicU-^l ? VVI j <^.1 ^ ? molecular weight ^ 

?? ^J^a |V|= gRT/PV-J' ^kalA Ig.Ua^l ^jLic. Ia^jI ^-Sjk ^ M -5' 

(g) igi^]U j Kinetic molecular theory of gas U^ 1 ' 

L_lla 4 Ax^aUx^a^ (JS ^jC- ^jC- aJA ial^ll A^Uall ^jC- ^A 

AJjLLo CIAjj^^J! ^CIjUj^^ a jtill ^jt J^ ^$\ cJ 

^jc. llA l-L<a!>l£ ^ (jAJ AiLauJI aLx^o cJJ^ lij cjiLaall ^ j5j AiLoi^llj 

Aj^)^ aJjAa la.j (J^k kx.x^a C* \ Vi -kJaL^. (Jx^a^jj (_)'-^' L$\ (jf** ideal g3S -^' 

4 Cj^IA AiLoiAllj ,^,yjA j ciljVnA C* il n^aJt ^Jllllljj A-^-jC ^Jj^Ia ^^jC- A^Ua A-SjAj (jka^j 

^j! jjoiC. cJ^CIj ^jUUU A^^lc- (jjZi ^La cil^plnj cl^J 'A^. AijxjJa ^SjjA lg liJ cjiLallll Sj5 CIjIjj^^JI 1 jJajl 

^ Inx^aj jl E = 3 /2RT l)L^J ^ 3 CJ^ V L^'j' 5.g Ux^j j! ^1 ^jkCL AiUall L_lla 4 

Jj^lA AiUall 4 A}_)lA A^.jjL<i (^ (j! ^ \* a\ j AiLkll uA n\t ^jl ^5^iUA 

Ig.x^ax.jj ^Alaj^aJ La] L^jI A^j^] Ia^ Aj^a ^jl <Al]CAU j^^J! A£^)^ (^ 5 ^ ^-5aA j 3 (jka£ 4 LaLxa 

^) 1 a AJ^Ja (ALLujI (AIIjla ^] CAlli JIja CllJ^)jJa ciljCll j AHjIj (JjJaaliJj cJ^ L^JC>^)juj ptc -^11 j'A^ jl 

V ? ^Jj V' jka ^ 3 -SJ A-i5!>LlA (JjjjAjuUaj ^Li AjJjujJ Ia] (Ja 4 jlLa ^ !>Ija AJjJa (^ 5 ^ AjjAjuoj 

PV=l/3nmc 2 -5' 5,g, ijj ^-Stka]' jLiJI cIjUj^^ ^!^]l V ^j^a aJ 

(JijA Ax.^)jud]| JaijCall Jjjl IaI AjujIIa Igjl tilllj ^ 5 -Lk ^jjdJ CllUj^Jl ^Lij Ax.^)jud]| (JkalL C -]' (j' C % n^.J 
















cjI jlill j jjJIj j^£VI j Real Gas -1' .. Ideal Gas -1 'j Real Gas -II <j J' J J» 

lAlx^a jJjuijIc- li^.1 ^lll 


Ideal Gas 

Real Gas 

^llica AjI |j jlill (Jj^^ jLudC- jl lil9 A-^l^ (Jjl 

j^a Lll9L<a ^jj jLjJj (JjLuj ^jll jjjjjUII ^jjj ^jV 

Aj^JUO 

A-illL<all Cliljlill J-ijlj^l V 4 q iq-v\ 1 dj|jlill 

Jl 1 — Sj Jail (Jj Jl (Jjl 0 jlj^JI cjjjjj 

Jliall jlill Jc- IJ-ilal) 

jjlii V AliC-ljJ dlllij^Jl ^^11 ^Jl^all jlill 

Aj^juj J^a L 1 I 9 L 0 ^jj djliijaJI JJJ AiLauallj 

Aiil9L<a ^ ^1 AiLouallj ^j9 Aj9 Ua j£1 

aLaI J^A ji*J liA jlik^l (J^axA ^llllljj 

1jjj9j ja jixa Ua C-jil^all ^j9 

(Jj^ Ji^^.j-<a UA (J^l 


? ideal and real gas J> jl Hypothesis-5' ^ J ^ 

: JjVI 4*AJI 

^1 j AijlL<a jj5Lij I^c-IIj A^aJtj ajiix-a ^a±L clAjjj^JI jl till^JH aII jlill aJL^ ^9 

L_Jj£iJ ClAiljaJl ^llcr jjfLiJ InijJall Lai jLl^VI jiaxJ ^ j£l jlill <Jjo£jl 1I ^^Ic, ClAiljaJl AlijjjliJ 

^Ic* aIxjujIu ^A ^111 A^aJl AjjuuIIj jjIa J A_il j^fLiJ |j di9jll ^9 l^x-li A^aJlj j^>»j j^a 

L_fljjla (jl dl^J <>aj9 A-J Ax^ljJ a^aII Jj£jJ Lajlj ^lll ^QJQ«V Jl jlill (Jii^xll 

;3^1 4^ jill 

Lai j^l 4 CLiIaL^jVI l£ ^3j Ajjjjuix lai* ^9 Sj^alLoua 4 £j^ aJL^ ^9 j^£dJ dll jlill ^JLLoll jlill aJL^ ^9 

j^a £ j^ <d iLLj^JI 4 j^>»jJ A^llajL^aHj dlLLij^Jl 4 ^ijlLaJl jlill aJL^ ^9 Inidall Jl9l j Sjl j^JI Jjjl 

^JLLoll jlill ^LiJ laidall j^a J 9 I jjfLiJ ^id^ll jlill ^LiJ da\l jl aldt^a |j j Ig^Uaj 1 g,*ic> jjuj 

ijjjgl 4^jilt 

jc* dxj ^jV j-^alli. j9Lj (J j9 V j diLjjaJl jjj jS (jl A-i9 ^ iij jda 4 ^LLoll jlill a1L^> 

J vWVi IAiL jLo£ j <j£iJ dlljJjaJl 4c* jjuj Jaidall (JI 9 Ij Sjl j^Jl Jijjl Lol ^jjjaJl jlill aIL^ j£l j^ax.j 

Aj^d jLo£ |j (jljl <*—SjjuUaLo (jj (JjLudl jlill (JJ^ 3 I^jI A^j*ll jiaxj1 

I^jI jiajililj l^£ A-jjJij A^l^ ^j^a |j 4 A-illlLa A^l^ jjq^a ^c-Lj V j 1*^ ^^lllLall jlill l)^ 4-^ 

Ai^lj 4 A-illC' Sjl j^j jiaiiia L<A ^ 5 -HI j-ilaJ jJ^II dlj9j ^1 Ja^9 nj jjdJ 

Ul ^1 VI £^ljll ^j^a jllxa Ail (Jjii l^£ jLuoC- |j L_fljjJall jiajx^a jlc* ^9^lA A-lx-llIall (^_fl jj^' 
^j^al \x,) A-illc- Sjlj^j lax x>a\ AjjJajC- ^1 A^aiij JLSaJI jlill UU^Ij Ja Jll 

(5) ^lllLal JjaJlA ^JlliaJl lg,*ic>ljuj ^gJtialt jlill SJjJi ^-^J^J 


S^.1 j S^.1 j jjdi^JVI Ij^l 4 JjI jjudll C* cJi.Ai 1^ 1^-C-lJj (JjVI 


I *A 4 Cljljlill l u^a\i l^£ 
A1a^- 9 Clul ^llb Ajj 19j l^£ 

















► Gas molecules travel in random paths, frequently colliding with one another 
and with the walls of the container in which they are confused. 

► They exert a pressure " force per unit area" expressed in dynes per Cm 2 

► The volume of gas is usually expressed in liters or cm 3 

► The temperature involve in gas equations is given in absolute or Kelvin degrees 
(K°) 

► Zero degree on the centigrade scale is equal to 273.15 °K 

► Particle of gases are very far apart and move free 

► Gases have an indefinite shape and indefinite volume 

► Gases have no free surfaces 


© Ideal Gas Law: 


This law relates the volume and pressure of a given mass of gas 
Boyle's Law at constant temperature. 

Poc- -> PV = K 

_v_ 

States that the volume and absolute temperature of a given 

Charles's Law mass is directly proportional at constant pressure. 

VocT -> V = KT 

These equations may be combined to obtain the relationship: 

PiVi/Ti = P 2 V 2 /T 2 

The ratio PV/T is constant and can be expressed as: 

PV/T = R or PV = RT 

R is the molar gas constant for ideal gas. 

This equation is correct only for 1 mole of gas, but for (n) moles of gas, it 
becomes 

PV=nRT 


I© Determination of numeric value of gas constant R: 


► If one mole of an ideal gas is chosen, its volume under standard conditions of 
temperature and pressure (at 0 °C and 760 mmHg) has been found to be 
22.414 liters. 

► Substitution this value in the equation, we obtain 
















PV=nxRxT 

1 atm x 22.414 liters = 1 mole x R x 273.16 °K 
R = 0.08205 liter.atm/mole.deg 


© Determination of The Molecular Weight by Using Ideal Gas Law: 


► The number of moles of gas n is replaced by its equivalent g/M in which g is 
the grams of gas and M is the molecular weight 

PV = (g/M) RT 3 M = g RT/PV 


© The kinetic molecular theory of gases: 


► The gases are composed of particles called molecules, the total volume of 
these molecules is small that it can be neglected compared to the space in 
which the molecules are confined (this condition occur only at low pressure 
and high Temp., molecules are far from each other. 

► The particles of gas do not attract one another but moves with complete 
independences (at low pressure) 

► The particles exhibit continuous random motion owing to their kinetic energy. 

► The average kinetic energy is directly proportional to the absolute temp. 

E = ^RT 

2 

► The molecules exhibit perfect elasticity ^jj-that not loss of speed after they 
collide with another and with the walls of the vessel jl! 

PV = 1/3 nmc 2 

■ P is the pressure, 

■ Vis the volume 

■ n is the number of moles 

■ m is the mass of molecule 

■ C is the velocity of particles 


© Difference between ideal and real gas: 


IDEAL gas 

REAL gas 

► Obey all gas laws under all conditions 
of temperature and pressure. 

► The volume occupied by the 
molecules is neglected as compared 
to the volume occupies by the gas. 

► The force of attraction among the 
molecules of gas are negliable 

► Obeys gas laws only under low 
pressure and high temperature. 

► The volume occupied by the 

molecules is significant ji in 

comparison to the total volume 
occupied by the gas. 

► The forces of attraction among the 

















BEIN CEUTICS 


► It obeys the ideal gas equation 
PV = nRT 


© Hypothesis of ideal and real gases: 


Hypothesis of kinetic theory of gases 
Hypothesis 1 

■ The particles of a gas are infinitely 
small and the size of a particle is 
negliable compared to the volume of a 
container that holds the gas 


Hypothesis 2 

■ The particles of a gas are in constant 
motion and move in a straight line in all 
directions. 

Hypothesis 2 

The particles of a gas do not exert any 
forces of attraction or repulsion on each 
other. 


© Notes: 


SUCCESS TEAM 


molecules are significant at all 
temperatures and pressures. 

► It obeys Van Der Waals equation. 

Comparison with real gas at high or 

_ low temperatures _ 

► When the pressure is high, the 
particles move much closer together 
and their size becomes important in 
relation to the volume that occupy. 

► In other words, under such 

conditions of pressure, the size of the 
particles of real gas is negliable. 

► When the particles of real gases 

collide f-^'-^they lose a little energy, 
this means that the pressure of a real 
gas is slightly weaker than that of ideal 
gas _ 

► As the temperature increases, the 
particles slow down. 

► At a given temp, the particles attract 
each other and move considerably 
closer and the gas become liquid. 



aAjLoJI jl Liquid state —^ j sjsLalt diVta. 
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© Liquids: 


► Particles of liquids are tightly packed, but are far enough apart to over one 
another. 


► Liquids have an indefinite shape and a definite volume. 

► Liquids have one free surface. 


© Liquefaction of gases: 


► When a gas is cooled, it loses some of its kinetic energy in the form of heat, 
and the velocity of molecules decreases . 

► If pressure is applied to gas, the molecules are brought with the effect of the 
Vander Waals interaction and pass into liquid state. 

► Because of these forces, liquids are considerably denser than gases and occupy 
a definite volume. 


Aj3 ja ^111 C-liVI JLij a. AkUjj A! Aj^jjuj ix ■ LiA dlliLuiAlli JjLxJIj Aj JJLs 

jl «.La]I L_1 (jj ^ 

V JiLu A jUjl Jja.1 ^IJI 

^ cs iil kinetic energy -" j' cP' ckA c> 

L_lla 4 (JjLudll l^lc-Luj 4-ilc. Jajljlill dAiLu^l lAlij 

L-Lujlllll Aj^jui Uls LijV Aic- jtiJl ^>jl CJ^ 

(JjuoA jtiJl JaijJal Lai 4 JaijJall ^jC- j 4 A^Uall (JllA Jlsl Lcils AiUallj 

Lai I jxl jj .. (JjLudl Jjl^l tilLoumA j (J32 a AiUall ^SUlUj Igilalj 

jl JaijJal! 

; ^pLlij <JjLuj L_aJ^ajl J^l ClllijjflU Aj^jui 

: Critical temperature SjljaJI Aajj m \ 

Critical temp-" jte- jS Jllall JjLJ j-% jL*-" UAk. ^ill Sjl 

( (JjLJ (JjliJI IAjjA ) » CjL-aj A^jJ diL^j l_jls t ^ » Ajc.\jj 

JaxjJall 1 -ag -n A^. 4_^ jaJI Ale. V' jLiAS (J>4 JLuj 1 AjLaC. ( L»» . >» diAjJ) ' a§ a 

: Critical Pressure .Y 

4JLuji aI*^^j jliil (JjLudl (JjVn ^jLuaC- JaijJall 

L_lla \\\ L_JJaijJall j ^jl J 

?C_LLudll 


<5Ua i\Jonj ^^111 j jliJl j ^.ja 4,jn^Jajl jjl I L_UjudJ 

S^)jJal ^ ^11 (Jjl A iila3 I j dll A-i11jl]| A-nJa^ll c-njaiJ j 1 

B.LIQUID STATE 
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► The transition from a gas to a liquid and from a liquid to a solid depend not 
only on the temperature, but also depend on the pressure which substance is 
subjected. 


O Important definitions: 


Critical Temperature 

It is the temperature above which it is possible to liquify 
a gas irrespective of the pressure applied. 

Critical Pressure 

It is the pressure required to liquefy gas at its critical 
temperature 

The critical temperature of water is 374 °C and its critical pressure is 219 atm 

The highest critical value of water comes from: 

1- Strong dipolar forces. 

2- Hydrogen bond 
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? ^ (_gl jl jUIl J^au (_gljl t-Ja 

u' CP *J-p iP ‘ Liquification by a diabatic method 4^' i^jVI 

^^Ic. jtill LaIj t JaAjJall ^ye, ^^)La (jl^ CP 6 J)^-P I^J VaCUUm ^ li^lj jlill 

c>- JUlixIj .. JjLudl (JIAjjj AiUall <JSj IAiij 

jjjla je. ^ jjjj aLjUI Uaj Joule-Thomson method 4*^' 4 l>^I 

AWi\\j <L^ojuoIj (js-ikWA JaiuJall Ja^jjdJ jliJl 

aJLuoI Lai ^)j£l ^^)±}La J ^ aA b JaijJa]| ^aklll 

4^4^ (jjj Vapor pressure of liquids -J' j' c5j^=4' N 4^' 4^ 4 

<L<UuO^)]| 

^ Molecules undergoing vaporization ^ Molecules undergoing condensation 
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(a) Vaporization 


(b) Vaporization condensation 
rate rate 
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(c) Vaporization _ condensation 
rate “ rate 
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Pressure 


Acetone 


Benzene 


Water 


Acetic acid 


L-i^lLa j^Lais i 1 g **>■*< _jlj _$l ^^Ic. ' $ ^*' N ’' J) Ia^LoIj l_uaA tj| 

^Uaj l-ifij £)* 1-^ J*! £Sjjj AjLaII i Jjj3 (_K*jjll j 

J jJiuij /sJjajj ^JajgJI L-Ujljoj <jA CIjIIjj^JI ^laAA A-illc. AaUa A^IjA b ^Jajuiltc. ^111 Cl iIjjj^JIj ^Jajuill ^Ic. 
4 IaIxa aILxjuo <jA jli^llll AaIaC. (JjJaalj aILxjuo joult A-i1aC.Ia (Jjlaj j^gjU J) Ajbj^ll jiJ ^All ^Ijall 
Jja!I ^1 jail ^gk Ajjj jt^gll A- 1 a£ IAiij Cl k jll £a 4 s-IaII ja ^ullll jLiall jl jtxll b jja ^Dagj ^lll 
jC. ^^llU A^J lA^A j ^jIj pLa ^-11 jLaall (Jjjali IaUxa ^111j 1 enroll j 4 jXc. 4gbc. (J^'vg jAgJj 

equilibrium Ig-^^l a^. 1^ jl (JjkL Ua j c a-ii^iill <Jaxa j jLmj jj^ jll <Jaxa l^ga jjfLij aIixa Alaai 

Aj 3 jjfLiJ ^lll dlSjll pIaII ^Jajuo ^ic. ^lll -laxjCall jA ^AJ J jlAjll JaxjCall 4 jjljJ ^Ixj 

? jjliall iaxjCall jl ^ lx j t-lA^a 4 C kljui^llH Jaxa J jLuiJ jg^ jll Jaxa 

jgJ Joj 1 jill Ajjj IaI (J£ 4 Ixfla Aj£I ? ClAjJj^ll jgJ L_bLaall Jj5j JjLkgll JoxjJall jJJ Aa!>Lc. AjA <Ja L_lL 

j AjIa jAlc. <JIja 1I (Jajjuo ^Ac. 4 jLkgl aLj^jj s-IaII jg'v jj Jj^a^j jLic. ^^-lc-1 AaUa L.illaj IaI <j£ CIjIjjj^JI 
^ fiAlc- ^All jA ^aA!ilc.| Ai^l ? (jjliall JaxjJa ,\l ^a ^-lc-1 ^g.ja jia j^Ilaj 4 jAxa^. bj AiujI (AIIlujIj (J4j1j 
^IaII jjAxjj jAia^JI ^,qnA cJ^^l L>* <J^ ^Aic. ^^ill jA ^lalj c_bLaA (J ja 

_ „ . .. U^j^' 


-Temperature 

Sjlj^. ^IA^a ^.111 j ^gjliall JaxjJall ^ ^Ic-V 1 ^-ia jia dllLuj SjjSSaII AlLJajC. ^111 Jllbl jjaJ ^IIxj 

.. u^j^' ^ Acetic acid ^ ^\ i jLaC. Agile- 

ClmjJ JaxjJall Cllila jl (Allk£J jUkgl (Jjluill (JjalllA 4 Jaxjjall dujJj Sjlj^Jl CljJjj jl 4 (JjLuj (jl ^a 

S jl j^JI 

Calusius — Clapeyron b>b^j SjljaJl ^gjUall Uk*>*\\ jij Aa!^ Jac^ ^llc. a^ l^S axj 

equation 

^!!ia aI^j ^lUa JJ^I bb ^4 a ^gj jii£ CAU.U. ^ ciljualA (Allla ? ^gl ^ ^jAgaliA (jJ (jj aIjIxa 1 ajAja L_i)a 
^ii^j j/i^\lA c 33^ JaxjAall jV Ale. ^g-lxlA AjIaII L_SjC-l ^jV 2^4 a (jLuo (JaC.| jjIc.j C-Jf^ 

CAljljJ^ll c^Wa^ >b ^lII Agajl L-Jjl^J Jjoallll ^ (j£LaA IaA le. ^ill jollll b^ajja JaxjAall UjjV i 
{Jl} b (j£ 4 aKjaa Jdl jbic. ^»l£ v >1 Ale.j ^»l£ Ac. juj ^-b- AjjujIa ^A Aijlc. ^-Sjj ^jV jgJalj ^A 

jdi^lVI ^gk 4JaIxa 1I A^llA .. AAixa SjIj^. A-^-jA Ale. JaxjAall L_Lud^.l jAaA lA^li. ja >b ^gA aIaIxaIU 
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A. Liauification bv a diabatic method: 


• The gas is allowed to expand in a vacuum insulated flask. 

• Then the temperature falls 

• If the procedures are repeated, the total drop of temp may be sufficient to 
decrease liquefaction. 

B. Liauification bv Joule-Thomson effect: 


• The precooled and highly compressed gas is allowed to expand by passing 
into a region of low pressure. 

• The drop in temperature leads to liquefication of gas 


© Vapor pressure: 


► When liquid is placed in an evacuated ^j^container at constant temperature, 
the molecules with highest energies break away from the surface of the liquid 
and pass into gaseous state and some of the molecules subsequently return to 
the liquid state and condense. 

► When the rate of condensation = the rate of vaporization, the vapor become 
saturated and a dynamic equilibrium is established. 

► Vapor pressure O the presence of saturated vapor pressure above the liquid. 

► When the temp of liquid is increased, more molecules approach the velocity 
necessary for escape and pass into the gaseous state 

► vapor pressure increases with increasing temperature 



Calusius - Clapeyron equation: 


► It is the relation between the vapor pressure and absolute temp of liquids. 

2.303 RT ± T 2 

• Pi and P 2 are the vapor pressure at absolute temp. 

•Ti and T 2 are the absolute temp. 

• AH is the molar heat of vaporization 

?V VI j AjjIj 4^3 (Ja <Jaj ^jljW\l I ^ j dilLuj ^9 (Ja 4 ^jLiliJl 

^A jl (JjLuiI] JaijJall jljumj La*Hc- ^All ojl^)^JI ^A (jl Ak\\ 

4 jLial (JjVilj AjLoII j <5Ua]|j ojl^^JI AjLoII IaaIc- ^ill ojl^^Jl 

^A j AjLoI! ^9 (Ja L-jJa 4 ) * * AjxjjJoll AjLa]| (jl ^ 

jV V cAllS ? VllLa ) ) * ^9 jjl La^^)Il]| J^\ (jl jlLa Ig.lujjj 






















O Boiling point: 


► It is the temperature at which the vapor pressure of the liquid equals external 
or atmospheric pressure. 

► If the liquid is placed in an open container and heated until the vapor pressure 
equals the atmospheric pressure, the vapor is seen to form bubbles that rise 
rapidly through the liquid and escape into the gaseous state. 

► All of the absorbed heat is used to change the liquid to vapor, and the temp 
does not rise until the liquid is completely vaporized. 


lo Relation of boiling point to pressure: 


► The pressure at sea level is about 760 mmHg 

► At higher elevations, the atmospheric pressure decreases and the boiling point 
is lowered. 

► At a pressure of 700 mmHg, water boils at 97.7 °C and at 17.5 mmHg it boils at 
20 °C 


|o Heat of vaporization: 


► It is the heat that is absorbed when water vaporizes at the normal boiling 
point. 

► E.g.l water at 100°C has heat of vaporization equal 539 cal/g 

► E.g.2 Benzene at 80.2°C has heat of vaporization 91.4 cal/g 


(j-a J..' 1 CP" J.A 4-iLaC- ^ALaiij AjLoI] lfejAib Clljl AiDall 

6 (jjj (-jjUAI (_£ 1 . j <■" (jjj Jajl 

[JjUIr- ^ * (JjJaiiAj IAjI ^111 AjLall 

laiuJall (jV ^ * .iic. AjLoJI Aic. JaiuJall jA \L JHa (illk. 

La! V % % -AJ 4-i A* 1 \\c . L c VI. 

AjLoII j| Ujkl ) V jJa AiC- ^g jl 14*ISa LcJj H V,V CL lls Ak It A^jA 

LojIa AajIj A>ad3 tgjt j A^^Aj JaxjJall AA^ic. ^1x3 Aj3 4 Aj^Ia A^jA Y * ^jC- 


t> *J -f- Heat of vaporization -S' j' aSU^I -u«I ^ aA <-A=> 

4 L-JAL^Ii 1I SlU.Tlj Jaj|J^)]| ^ju£j ^jLuiC, AjLall CLAjj^* 

AjUIc, Aj^jA J ^ A_LoI£]| AiUallj ) ♦ ♦ I^jUIc, Aj^jA AjLJ! lijal (Jaijuj 

A^j^UI Al^al^ll AiUall Ajjj Leal Jajl Aj^j ^ cJ^ (jt ^ ^ H ^ ; £ dulS Ai<al£JI A5Lla]| j A* 

(JjA A^jAj Aial£J! A^Uallj JaijJa_Sl (JjS! >b 

CjL_jA^JI (^g j SjJajJ I 



























► N.B: Vapor pressure and heat of vaporization, provide an of the magnitude of 
the attractive force. 

► Th is quantity of heat known as latent heat of vaporization. It is taken up liquid 
vaporized and liberated when vapors condensed. 

Ja !.£ '' a i J AjlLuJI ^ ^lUa dljlj ? a.ill j <j£ ls' ‘A 3 
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[O Difference between Vapor and gas: 


Vapor 

Gas 

It is not a state of matter 

It is a state of matter 

It is a substance that was liquid or solid at 

It is a substance that exist in the gaseous 

room temp and passes into the gaseous 

state even at room temp such as oxygen 

state when heated to a sufficiently high 
temp, such as methanol and ethanol 
which vapor at high temp 

and carbon dioxide. 
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O Relationship between boiling point and chemical structure: 


1. The boiling point of normal hydrocarbons, dimple alcohol and carboxylic acid 
increase with increasing molecular weight because attractive Vander Waals 
forces become much grater with increasing number of atoms. 

2 . Branching of hydrocarbon chain produce fewer compact molecules with 
reduced attraction and decrease in boiling point occurs. 

3 . Alcohols boil a higher temp than saturated hydrocarbons of the same 
molecular weight because of association of alcohol by hydrogen bonds 

4. The boiling point of carboxylic acid are abnormal because the acids form dimer 
through hydrogen bonding which may remain even in the vapor state 

5. Non-polar substances which attracted together by London forces have low 
Boiling point and low heat of vaporization. 

6. Polar compounds such as ethyl alcohol and water attracted together through 
hydrogen bond, have high boiling point and high heat of vaporization. 


Choose the correct answer: 


1. Which of the following compounds have the highest melting point? 






2 . 


3. 


(a) 


(b) 


M 


All of the following about intermolecular force is true EXCEPT? 

a. It is much stronger than intramolecular forces _ 

b. It is responsible for binding molecules with each other _ 

c. It is responsible for binding atoms with each other _ 

Which of the following compounds have the lowest melting point? 


M 


OH 

HaC^CHs 

(a) 



(b) 


-OH 

(C) 



(d) 


CH 3 


4. Which of the following is accounts for the solubility of iodine in a solution of potassium 

iodide _ 

a. Dipole dipole interaction _ 

b. Ion dipole interaction _ 

c. Ion induced dipole interaction _ 

5. All of the following about gases is true EXCEPT? _ 

a. Have no surface _ 

b. Have strong attractive forces 


t * 


































































